This paper compares the ICT impacts occurred in Czech industries during years 1995-2006 to those in Slovenia. We examined whether macro panel data analysis proves significance of ICT capital variable in sense of productivity growth on the whole economy. Unfortunately, there are not many studies observing the ICT impacts from perspective of Central and Eastern European (CEE) countries, even if ICTs are assumed to have potential to enhance economic growth, labour productivity, competitiveness of developing countries and lower income gap within Europe.
Introduction
Numerous researches since the 1990s have focused on topic of the ICT impacts in sense of GDP or labour productivity growth but in particular from the view of the US or other developed countries. However, not many studies pay attention to how to alleviate income disparities between countries by improving the ability of developing countries to adopt and use ICTs. Clarke (2002) highlighted the potential of new technologies (such as Internet) if they are implemented into business sector of developing countries. He assumed that it might lead to the development of their business processes and increase their overall competitiveness in comparison with more developed economies.
Moreover, Indjikian and Siegel (2004) in their research compared the impact of ICTs on economic growth in developed and developing countries. In general, studies from developed countries show a strong positive relationship between ICTs and economic performance. ICTs | 7 also induce positive organisational changes as well as changes in the structure of the workforce (better educated and trained labour). On the other hand emerging countries have shortcomings in terms of knowledge and best practices related to the use of ICTs but also in ICTskilled workforce. Therefore these countries should try to adopt technologies and adjust business environment so that they will enhance their long-term economic growth.
The authors pointed out that the state should play an important role to improve the knowledge and best practices of local companies in the ICT use in their perspective industries; create an enabling environment for investment in ICTs and also build inevitable infrastructure, which contributes to gaining access to broadband at lower cost and supports the use of free software (open source). Fast and reliable connection helps to build confidence in the "impersonal" transactions, exchange of information online and creation of electronic services etc. Moreover, the state should also ensure improvement in ICT skills and qualification of workforce.
However, they assumed that the state itself cannot effectively overcome all these shortcomings and it is also necessary to establish proper cooperation between public and private sectors. Such cooperation would be able to bring benefits such as better access to financial capital, which might stimulate ICT investment; human capital development in order to ease implementation of new technologies; development and expansion of networks, which serve to improve the private (business level) and the societal benefits of ICTs, e-commerce or information sharing etc.
Another study by Fuss, Meschi and Waverman (2005) examined the growth potential of investment in telecommunications infrastructure in both developed and developing economies and found out that a country with an average of 10 more mobile phones for every 100 people would have enjoyed a per capita GDP growth higher by 0.59 percent annually. The effect of mobiles was twice larger in developing countries then in developed ones. It indicates great perspectives of mobile infrastructure and services in order to improve their economic development.
A World Bank´s econometric analysis of 120 countries (2009) also suggests that an increase of broadband access in countries by 10 subscribers per 100 inhabitants might induce a 1.3 percent increase in per capita GDP growth. According to this study the growth effect of broadband is stronger in developing countries than in developed ones but also higher than that reached by telephones or the Internet. The main conclusion of this study is that broadband has a significant impact | 8 on growth and deserves a central role in country development and competitiveness strategies. Unfortunately, there is lack of similar studies which examine these issues from perspective of Central and Eastern European (CEE) countries. Only in 2003 Piatkowski provided the first estimates of the ICT capital contribution to economic growth and labour productivity in Bulgaria, Czech Republic, Hungary, Poland, Slovakia, Slovenia, Romania and Russia. The results of this paper show that contribution of investment in IT hardware, software and telecommunication equipment to output growth and labour productivity between 1995 and 2000 in most countries included into the study was much higher than what might be expected on the basis of the level of their GDP per capita. This might mean that the transition economies are able to increase their growth rates in output and labour productivity through the use of ICTs and hence accelerate the process of catching-up more developed countries. All these studies support the assumption that ICTs have potential to enhance economic growth, productivity and competitiveness of developing countries and lower income gap between developed and developing countries. Therefore we consider necessary to study the ICT impacts and their future growth prospects for CEE countries.
Consequently, the aim of this paper is to assess the ICT impacts on productivity growth in Czech Republic and Slovenia during years 1995 -2006 by using EU KLEMS Growth and Productivity Accounts.
Data
To analyse the ICT impacts we employed available annual data series of Czech Republic and Slovenia from 1995 to 2006. Data inevitable for our analysis were obtained from released EU KLEMS database and consists of variables -ICT-capital stock (coded in this analysis as ict), non-ICT capital stock input (noict), Production or Gross output (prod), Total hours worked by employees (hours), Number of employees (emp). For better comparison of two countries the capital and output values are expressed in millions of USD and number of employees and total worked hours in million units. We used time series of 29 industry branches of every country classified by the European NACE revision 1 method. (Table 1 | 9 provides overview of analysed industries and their codes used in the further analysis for simplification). As a measure of productivity we defined logarithm of production (gross output) per employee. Final model, which assess the ICT impacts, is based on Cobb-Douglas production function. The next section presents applied methodology and the final model.
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Methodology
In this paper we attempt to assess the ICT impacts in sense of productivity growth of Czech Republic in comparison to Slovenia by using panel data analysis. Using panel data we can control for variables that vary across subjects but not over time or are unobserved or unmeasured and therefore cannot be included in regular OLS regression. This method requires data in which each observational unit or entity is observed at two or more time periods. Our panel is balanced which means that all subjects (29 industries) are observed in all determined time periods (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) 2 .
The regression model is defined as follows:
Where Y i,t is dependent variable, X i,t is observed regressor, η i is unobserved variable that varies from one industry to the next but does not change over time (for example in our case it could be openness towards new technologies). Because η i does not vary over time the regression model can be interpreted as having n intercepts α i , one for each industry:
Then equation of the regression model becomes:
Using this method we can study changes (differences) in the dependent variable over time and therefore the omitted variables (that does not change over time) are dropped out from equation. We can control for all time-constant differences between individuals:
are means of Y i,t , X i,t and u i,t over time.
We can rewrite equation in the form that is similar to the regression function in OLS, if we define
and similar for
We have N.T observations. Our original variables were transformed and this transformation caused that we have a model specification without intercept.
Our final model is based on Cobb-Douglas production function:
Where Y is output per employee, A is a constant representing other factors of production (eg increased level of education, improved skills of workers etc.), ICT is ICT capital variable, K is non-ICT capital variable and L represents hours worked by employees. 1 β , 2 β , 3 β are elasticities of the production resources.
For the further analysis the equation is transformed into linear form:
Using the panel data methodology our final model is constructed as followed:
Empirical results
As mentioned before our ambition in this paper is to assess the ICT impacts by using panel data of 29 industry branches of Czech Republic and Slovenia. The graph 1 indicates growth of ICT capital in both countries during 1995 -2006. There is significantly higher volume but also higher volatility of the Czech ICT capital. The total volume of ICT investment in Slovenia during the same period is on average four times smaller then in Czech Republic but its trend seems to increase constantly and more stable.
If we look at the graph 2 we can compare average percentage share of ICT capital to total capital for individual industries. It is not surprising that the highest share of ICT capital is in Post and Telecommunications industry (64) and Financial Intermediation sector (6567) where its share is about 40-60%. The pattern of ICT capital distribution is very similar for both countries (but in most cases its percentage share is higher in Slovene industries). It might reflect differences in the real ICT capital needs and heterogeneity of individual industries. For instance Mining and Quarrying (1014) requires only about 5% of ICT capital in both | 13 countries, however, Post and Telecommunications industry (64) requires about 60% on average.
Huge development and implementation of technologies is expected to bring benefits in form of enhanced productivity, higher profits, lower cost, quality improvements as well as new product or process innovations. Believing that ICTs are an important driver of economic growth and employment, it is necessary to examine real impacts of investment in ICTs and more precisely determine specific technology needs for each industry branch. Unfortunately, in this case we are not able to assess each single industry because we have access only to aggregate industry level data but not to micro level ones. The available observations are for 12 years and 29 industries. But such a small dataset might not be able to provide reliable estimates. productivity (holding all other variables constant). Moreover, 1% increase of non-ICT capital would yield a 0.09% increase and 1% increase of hours worked would increase productivity by 0.05%. All dummy variables are significant which means that we omitted some variables that change over time. The Wald test that the coefficients on the regressors are all jointly zero is rejected. In this paper we are estimating a within-effects model, therefore the within R 2 is relevant and its value 88.82% implies that our model is quite well specified. Fixed-effects (within) regression Number of obs = 324
Source: Author
Looking at p-value of the second reduced panel for Czech Republic we can also confirm that all dependent variables are significant at 10% significance level. The results indicate that 1% increase of ICT capital variable would lead to 0.015% increase in productivity (holding all other variables constant), 1% increase of non-ICT capital would increase productivity by 0.014% and 1% increase of hours worked would decrease productivity by 0.4%. All dummies are significant therefore we can assume that there are other omitted variables that change over time and our model does not include them. The F statistic tests that the coefficients on the regressors are all jointly zero is rejected. The within R 2 is 91.52% which implies that our model is quite well specified.
We can compare our results also with previous study of Piatkowski Insignificant or negative correlations in some industries might be explained by wrong cost policy, time-consuming process of new technologies adoption (for instance employees training, adjustment of internal and external processes of companies etc), unqualified or insufficiently trained employees, inefficient computerization, obsolescence and low flexibility of business processes, incorrect bookkeeping of ICT capital, incorrect management of ICT investment (for instance "maverick spend") etc.
Moreover, other reasons might be for instance that some industries (or companies) invest into ICT but their core processes do not necessarily require significant ICT support and increase in ICTs would not lead to higher productivity anyway or some industries still have low level of ICT investment and therefore their productivity may be also low. But in this | 18 case we can assume that higher increase in the usage of ICTs but also improvement and modernisation of business processes and management would improve their productivity results.
Unfortunately, we analysed only available aggregated data on the industry level therefore we miss a lot of information about individual firms in each industry and their characteristics (number of companies, their size etc). Moreover, we do not have also detail information about the concrete forms of ICTs used in individual companies, which might be very important to assess the real ICT impacts. For instance report about the ICT impacts "Information Society: ICT impact assessment by linking data from different sources" concluded that some technologies are more beneficial for certain industries. Inappropriate even huge investment in ICTs in the industry will not bring expected effects, which could also partly explain insignificant results in some examined industries of our research.
Conclusion
The main aim of this paper is to study the ICT impacts of Czech Republic and Slovenia during 1995-2006. We believe that more studies focused on CEE countries and higher interest in this region would lead to its further economic growth. By improving methodologies and more precise analyses in this field we might potentially lower income gap within Europe as well as lower negative impacts of the crisis.
For the purpose of the ICT impacts assessment we conducted panel data analysis, which controls for variables that vary across subjects but not over time or are unobserved or unmeasured and therefore can not be included in regular OLS regression.
Czech results from macro analysis did not prove significance of ICT investment in sense of productivity growth, which is measured by logarithm of gross output per employee. In comparison to Slovenia which shows significant ICT effects without any reduction of whole economy panel. Taking into account heterogeneity of industries and the fact that not all the industries need to implement ICTs into their production, we performed analysis which excluded industries with the lowest average ICT capital share from both countries. Afterwards also Czech Republic proved importance of ICT capital to productivity growth. But looking separately on individual industry correlation coefficients between productivity and ICT capital, majority of Czech industries demonstrate low or negative correlations. We cannot confirm that ICT investment in Czech Republic significantly contribute to productivity growth in every industry. But it might be also caused by other factors
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such as for instance unqualified or insufficiently trained employees, inefficient computerization, obsolescence and low flexibility of business processes or incorrect management of ICT investment etc.
Unfortunately, we have to admit that our analysis lacks detail data about industry structures (number of companies or their size involved in an industry) which would help us better detect the ICT impacts in individual industry branches, effective distribution of ICT capital or suitable form of technologies that matches industry or company individual needs. We are also aware of insufficient length of the time series in our analysis what could lead to biased results. Therefore we consider our analysis as eventual model or proposal for further research in this field more than explicit evaluation of the ICT impacts. Our main ambition was to point out on inevitability to pay more attention to potential benefits of ICTs in CEE countries and development of our region.
